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ADVANTAGE 

The target can be manufactured to the final geometry 
or near net shape of the final geometry. The uniformity 
of the crystal structure la maintained. No deformation, 
degrading or unfavourable effects are imparted on the 
target material. 

PREFERRED BBdBODIMBNTS 

The target material Is aluminium alloy, silver alloy, 
nickel alloy, W, Mo, Ti, Ta, Zr, or Nb. The inserts are 
silver or silver alloy. 

The crystal grain size does not exceed 100 microns. (13 
pp2010ACREDwgNoO/7). 

,EP-590904-A 


A sputtering target assembly comprises a target and a 
backing plate which are solid-phase diffusion bonded with op 
without inserts interposed between the two. The completed 
target assembly maintains the metallurgical characteristics 
and properties of the target prior to diffusion bonding. The 
target material has a melting point below 1000*»C and has a 
uniform crystal structure with a grain size of 250 microns 
max. . 

Also claimed is a method of manufacturing the sputtering 
target described above where diffusion bonding is carried out 
under vacuum at 350-650*»C.. 

USE 

For use in semiconductor manufacture. 
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@ Diffusion-bonded sputtering target assembly and method of manufacturing the same. 

@ A sputtering target assembly comprising a sputtering target and a backing plate characterized in that 
said sputtering target and backing plate is diffuston-bonded with or without an insert or inserts 
Interposed there-between so as to have solid phase diffusion-bonded interfeces. said diffusion^bonded 
sputtering target substantially maintaining metallurgical characteristic and properties of the sputtering 
target before it is diffusion-bonded to saki backing plate. The solid-diffusion bonding of the target and 
backing plate, with or without one or more insert interposed therebetween, at a low temperature and 
pressure, causes interdifTuston of their constituent atoms to attain high adhesion and bond strength 
without attendant deterioration or large defonmation of the target material, while inhibiting the crystal 
growth in the target material. The bond thus obtained proves highly reliable because it undergoes no 
abrupt decrease in bond strength upon elevation of their service temperature and owing to the solkj 
phase bonding, 100*-o bonding is achieved with noun-bonded portions such as pores left along the 
interfaces. 




Fid I 



Jouve. 18, m Saint-Denis, 75001 PARIS 



1 



EP 0 590 904 A1 



2 



[Field of the inv ntion] 

This Inv ntion reiat s to a sputtering target as- 
sembly c mposed of a sputtering targ t and a backing 
plat . and more sp erf ically to a sputtering target as- 
sembly and a method of manufacturing the same fea- 
turing by bonding a sputtering target and a backing 
plate by solid-phase diffusion bonding, with or with- 
out an insert or inserts placed therebetween. 

By solid-phase diffusion bonding, a sputtering 
target exhibits excellent adhesion and bond strength 
to a backing plate while maintaining its structure and 
crystal characteristics including crystal gain size, 
crystal orientation etc. which it had before the diffu- 
sion bonding with no contamrnatbn possibly caused 
by the bonding process. 

[Background of the inventk}n] 

Sputtering targets serve as sputtering sources to 
form electrodes, gates, wirings, elements, protective 
films and the like of various semiconductor devices 
on substrates by sputtering operation. They usually 
take the form of disk-shaped plates. As accelerated 
particles impinge against a target surface, part of the 
atoms constituting the target is sputtered to the space 
by momentum exchange to deposit on an oppositely 
located substrate. Typical sputtering targets in use in- 
clude Al and Al alloy targets,a refractory metal and its 
alloy (W. Mo. Ti, Ta. Zr. Nb. etc. and their alloys such 
as W-Ti) targets, and high-melting silicide (MoSix, 
WSi,. etc.) targets. The targets are usually used in the 
form of assembly integrally bonded with a backing 
material, known as a backing plate, which provides 
both support and cooling functions. A sputtering tar- 
get assembly is mounted in a sputtering system, and 
the rear side of the backing plate is cooled to dissi- 
pate the heat that is generated in the target during 
sputtering operation. The backing plates in use today 
are made of metals and alloys with good thermal con- 
ductivities, such as oxygen-free copper (OFC). Cu al- 
loys. Al alloys, stainless steels (SUS). and Ti and Ti al- 
loys. 

Heretofore, for the bonding of a sputtering target 
and a backing plate to constitute a sputtering target 
assembly, brazing method using a low-melting braz- 
ing material such as In or Sn alloy has been primarily 
employed. But, the brazing technique using a low- 
melting brazing material has the following disadvan- 
tages: 

( 1 ) The low melting point of brazing materials. 1 58 
*'C for In or 1 60-300 **C even for an Sn alloy, caus- 
es a sharp drop of the bond strength under shear 
as the service temperatures approaches its melt- 
ing point Specifically, the bond strength under 
shear at room temperatur is less than 1 kg/mm^ 
for In and 2-4 kg/mm^ for ven an Sn alloy which 
has relatively high strength. This combines with 



th low melting point of the brazing mat rial to 
caus a sharp drop of the bond strength unct r 
shear upon t mperature rise. 
(2) With th brazing t chnique. 100% bonding 
5 with no un- bonded portions is difficult to achieve 

since the contraction upon solidification of the 
brazing material during the bonding process 
leaves pores (air gaps) behind along the bonded 
interfaces between the target and backing plate. 
10 Consequently, the electric power to be provided 

for sputtering is limited to a low level. Also, when the 
system is loaded with greater sputtering power than 
specified or operated under inadequate cooling water 
control, troubles such as the separation of the target 
IS are caused due to a decrease in bond strength upon 
temperature rise of the target or melting of the brazing 
material. 

The employment of a high-melting brazing mate- 
rial in place of the low-melting one requires a higher 
20 temperature for brazing, which sometimes affects the 
target quality adversely. 

A recent tendency is toward the use of greater 
electric power for sputtering to improve the through- 
put for film forming by sputtering. In view of this, there 
25 is strong demand for a target which is capable of 
maintaining the bond strength above a predeter- 
mined level even at elevated temperatures. 

Meanwhile. Japanese Patent Application Public 
Disclosure Nos. 143268/1992 and 143269/1992 dis- 
30 dosed targets and methods of manufacturing them 
which involve a process of integrally bonding a first 
metal member that serves as a sputtering material to 
a second metal member that serves as a support 
either directly or through the interposition of a spacer 
35 having a higher melting point than the first metal 
member. As regards the method of integrally bonding 
them together, explosive welding is primarily ex- 
plained. Others referred to as employable are hot 
press, HIP. and hot roll methods. Taking the hot press 
40 method for example, it is described as comprising the 
steps of working and machining, e.g.. an al-1%Si al- 
loy as the first metal member (sputtering material) 
and oxygen-free copper as the second metal member 
(support), both to relatively simple shapes, and bond- 
45 ing the two members by hot pressing at 300-500* C 
for 60 minutes, whereby a diffusion layer of about 2 
Mm thickness is said to be formed, and thereafter ma- 
chining the first and second metal members (sputter- 
ing material and support) thus Ixjnded together to fi- 
50 nal configurations. It is also stated to the effect that 
alternatively the first and second metal members hav- 
ing been machined to desired shapes may be bonded 
by explosive welding. 

55 [Problems to be solved] 

The m thods described above involve high pres- 
sure bonding of the first and second metal members 
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und r very great impact or h avy load such as a x- 
plosive bonding, hot press. HIP. or hot roll technique. 
This process caus s serious defornnation of th first 
metal member to be sputt red (targ t material), and 
attendant increased internal strains and the change s 
of crystal structure. 

Particularly, the uniformity as of crystal size and 
crystal orientation of a target is destroyed resulting in 
different crystal grain diameters and crystal orienta- 
tions on various locations of the target. As a result, the io 
quantity of sputter from the target begins to vary from 
point to point which leads to variation of deposited film 
thickness and hence deposited film properties. This 
problem is recently pointed out that this is a matter of 
serious concern. Further, the contamination of sur- is 
face layer of the target produced is severe and so the 
yield of target material to be finished to the final size 
is very poor. Although it is also stated in the above 
mentioned publication that the first and second metal 
members may be bonded by explosive bonding after 20 
they have been machined to desired configurations, 
in that case, deformation of the target material and at- 
tendant increased internal strains and the change of 
crystal structure, and surface layer contamination are 
inevitable as stated above. 25 

Recently, target materials having melting points 
below 1000** C, e.g., aluminum or aluminum alloys, 
have rapidly come into use for the wirings or intercon- 
nections of semiconductor devices. These target ma- 
terials in many cases are supplied as finished to final 30 
geometry with very high purity. Such relatively lower 
melting target materials are susceptible to larger dam- 
ages of its crystal structure, sometimes accompanied 
with coarsening of grain size of the target material. 

35 

(Object of the invention] 

The present invention has for its object the devel- 
opment of a technique for bonding a target material 
finished to the final geometry or near net shape of the 40 
final geometry to a backing plate with a high strength 
while maintaining the uniformity of the crystal struc- 
ture and imparting no deformative, degrading, or 
other unfavorable effect upon the target material it- 
self. 45 

[Summary of the invention] 

The present inventors have searched for a bond- 
ing method for target materials which inhibits the so 
crystal characteristics such as crystal grain growth 
and causes little deformative or other adverse effects 
upon th material. As a result, it has now been found 
that solid-phase diffusion bonding with or without th 
use of an insert produces a far better bond than ex- 55 
pected in their int rfaces. The diffusion bonding, per- 
formed while maintaining a solid phas under a light 
load (a low strain rat ) in a vacuum, gives high adhe- 



sion and high bond str ngth with no or very small de- 
formation of the targ t material and with no un-bond- 
ed portions such as pores along the interfaces, whil 
inhibiting the d struction of uniform crystal structur 
the growth of grains, etc. which the target material 
had before the bonding. 

The term "solid-phase diffusion bonding" as used 
herein means a technique of bonding a target material 
and a backing plate with or without an insert or inserts 
sandwiched therebetween by diffusion along the in- 
terfaces under light heating and pressing conditions, 
whereby the two members are bonded while main- 
taining the solid phase rather than being melted, 
without causing unfavorable effects upon the target 
material including its grain growth and structufB 
change. 

Based upon this discovery, this invention pro- 
vkJes a sputtering target assembly comprising a sput- 
tering target and a backing plate characterized in that 
said sputtering target and backing plate are solid-pha- 
se diffusion-bonded with or without an insert or in- 
serts interposed therebetween so as to have solkJ 
phase diffusion-bonded interfaces therebetween, 
said diffusion-bonded sputtering target substantially 
maintaining metallurgical characteristics and proper- 
ties thatthe sputtering target had before it is diffuston- 
bonded to said backing plate. 

It is convenient in explanation to divide target ma- 
terials into ones having melting temperatures below 
and no less than 1000 and separately discuss 
them. 

This invention, in its first aspect, provides: 
(1-1) a solid-phase diffusion-bonded sputtering 
target assembly characterized by being com- 
posed of a target material having a melting point 
below 1 000° C, one or more insert, and a backing 
plate, said target material, said insert and said 
backing plate having solid-phase diffusion bond- 
ed interfaces formed therebetween, said target 
material having uniform crystal structural with a 
grain size not exceeding 250 ^im; and 
(1-2) a method of manufacturing a sputtering tar- 
get assembly, said target material having a grain 
size not exceeding 250 ^m characterized by sol- 
id-phase diffusion bonding of a target material of 
a given final shape having a melting point below 
1000 "C and a backing plate of a given final 
shape, with one or more inserts interposed there- 
between, under a vacuum at a temperature be- 
tween 150 and 300 °C. 

Typical of the target material consists of alumi- 
num or an aluminum alloy. The insert tvpicallv co n- 
siste^of silver or a silver alloy, copp r or copp r alloy, 
or nickel or a nickel alloy. 

This invention, in a s cond aspect, provides: 
(2-1) a solid-phase diffusion-bonded sputtering 
target assembly characterized by being conrv 
posed of a target material having a melting point 
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no less than 1000 '^C, one or more insert sel cted 
from the group consisting of metals or alloys hav- 
ing low rm Iting points than th targ t material, 
and a backing plate, said target material, said in- 
sert and said backing plate having a solid-phase 5 
diffusion bonded interfaces formed therebetw- 
een; and 

(2-2) a method of manufacturing a sputtering tar- 
get assembly characterized by solid-phase diffu- 
sion bonding of a target material of a given final io 
shape having a melting point no less than 1000 
**C and a backing plate of a given final shape, with 
one or more insert interposed therebetween, 
said insert being made of one or more materials 
selected from the group consisting of metals oral- is 
toys having lower melting points than the target 
material, under a vacuum at a temperature be- 
tween 200 and 600 *>C and at a pressure between 
0.1 and 20 kg/mm^. 

The target material typically includes a refractory 20 
metal selected from the group consisting of W. Mo, Ti, 
Ta, Zr and Nb and its alloys. The inseirt typically con- 
sists of silver or silver alloys, copper or copper alloys, 
or nickel or nickel alloys. 

In a combinatton of a titanium target material and 25 
a titanium backing plate, we have found that the solid- 
phase diffusion bonded is permitted with no use of in- 
sert. 

Then, in a third aspect, this invention provkies; 
(S-1) a solid-phase diffusion-bonded sputtering 30 
target assembly characterized by being conv 
posed of a titanium target material and a backing 
plate of titanium, which have solid-phase diffu- 
sion bonding interfaces formed therebetween, 
said target material having a uniform crystal 35 
structure with a crystal grain diameter not ex- 
ceeding 100 ^m; and 

(3-2) a method of manufacturing a solid-phase 
diffusion bonded sputtering target assembly In 
which the target material has a uniform crystal 40 
structure with a crystal grain diameter of not ex- 
ceeding 100 ^m, characterized by solid-phase 
diffusion bonding of a titanium target material and 
a backing plate of titanium under conditions such 
that the strain rate attained is at most 1 x 45 
10-3/sec.. preferably at 350-650 ''C, 
The solid-phase diffusion bonding of the target 
and backing plate, with or without one or more Insert 
sandwiched therebetween, at a low temperature and 
pressure causes interdiffusion of their constituent so 
atoms to attain high adhesion and bond strength with- 
out attendant deterioration or deformation of the tar- 
get material, whil inhibiting the crystal grain growth 
in the target material. The bond thus obtained proves 
highly reliable because it undergoes no abrupt de- 55 
crease in bond strength upon elevation of the s rvice 
temperature and. owing to the solid phas bonding, 
100% bonding is achieved with no un-bonded por- 



tions such as pores I ft along the int rfaces. 

[BRIEF EXPLANATION OF THE DRAWINGS] 

FIG. 1 1s a p rspective view of a sputtering target 
assembly consisting of a target material and a back- 
ing plate bonded through an insert by solid-phase dif- 
fuston bonding in accordance with this Invention. 

FIG. 2 is a graph comparing the bond strength 
values under shear at room temperature of the diffu- 
sk)n-bonded target assembly of this invention with 
those of the bonded material that used a low-melting 
brazing material of the Sn-Pb-Ag system in Example 

FIG. 3 is a graph showing the temperature de- 
pendence of the bond strength values under shear of 
the bonded materials of Example 1. 

FIG. 4 is a micrograph showing the metaJlograph- 
ic structure in the vrcinity of bonded interfaces of an 
assembly consisting of an Al-1 %Si-0.5%Cu target, Ag 
foil, and an OFC backing plate according to this inven- 
tion. 

FIG. 5 is a micrograph showing the metallograph- 
ic structure in the vicinity of bonded interfaces of an 
assembly consisting of a tungsten target and a titani- 
um backing place bonded with an insert by solid-pha- 
se diffusion bonding. 

FIG. 6 Is a graph comparing the bond strength 
values under shear at room temperature of the solid- 
phase drffijslon-bonded target assembly of this in- 
vention with those of the assembly that used an In 
brazing metal in Example 6. 

FIG. 7 is a micrograph showing the metallograph- 
ic structure in the vicinity of the bond Interface of an 
target assembly consisting of a titanium target solid- 
phase diffusion-bonded to a backing plate of titanium. 

(Explanation of preferred embodiments] 

There is shown in FIG. 1 a diffus ton- bonded sput- 
tering target assembly manufactured by diffuston- 
bonding a target material 1 and a backing plate 2 
through an insert 3 in accordance with this Inventfon. 
The components are solidly bonded together with sol- 
id-phase diffusion-bonded interfaces 4. The insert 3 
may be omitted de pending upon a combinat ion of the 
target material a nd th e backing plate. In this case, the 
target material 1 and the backing plate 2 directly form 
their solid-phase diffusion-bonded interface. The tar- 
get material maintains the metallurgical characteris- 
tics and properties that it had before diffusion bond- 
ing. 

The objectiv of this invention includes many 
kinds of target materials. For convenience in explan- 
ation, an xplanation will b made dividing target ma- 
terials wit h t he melting point of 1 000 °C as a measure. 
This invention includes, as its objectiv , both target 
materials having melting points of no mor than 1000 
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'C and targ t materials having m Iting points f be- 
yond 1000*»C. 

Typical exannptes of targ t nrrat rials having a 
melting point no mor than 1 000 ""C are aluminum and 
aluminum alloys such as Al-Si-Cu, Al-Si, and Ai-Cu al- 5 
loys. Other alloy targets composed principally of such 
metals as Cu or Au also come within the contempla- 
tion of this group. As for Insert materials, Ag. Cu, Ni, 
or their alloys are usually used. One or more such in- 
sert materials may be used In layers. io 

Examples of target materials having a melting 
point above 1 0OO^C are target materials of refractory 
metals and their alloys, such as W, Mo. Ti, Ta, Zr. Nb, 
and W-Ti. and of high-melting compounds, such as 
high-melting silicides (MoSix. WSi^. etc.). The material f 5 
to be used as an insert herein is one or more of metals 
or alloys having a melting point lower than that of the 
target material. Typical of insert materials is Ag, Cu. 
Ni. or their alloy. For solid-phase diffusion bonding, 
the use of an insert material having a lower melting 20 
point than the target material employed is essential. 
In the combination of a^titanuiaL-tacgeUQaterial 
^ and a titanium backin g plate, the solid-phase dtffu- 
S sion-bonding is permitted with no use of an insert As 
N.- the titanium target materials, high- purity titanium tar- 25 
get materials having a purity of 99.99% or upward are 
preferable. Titanium backing plates may be of ordi- 
nary industrial purity. For the purposes of the inven- 
tion the term "titanium" is used to encompass the al- 
loys^ith sn ^ll percenta ges, up to 10% by weight, of 30 
alloying a39iFives. such as ^ V. and Sn. 

In fabricating a sputtering target assembly with 
the use of insert(s) . a backing plate and a target ma- 
terial are degreased and rinsed with an organic sol- 
vent like acetone. Then, between the two is inter- 35 
posed an insert of one of pn re materia ls chosen from 
among Ag, Qu. Ni. and their allovs . desirably having 
at least 10^m thickness. The insert too must be de- 
greased and rinsed beforehand. The use of a 10 urn 
or thicker insert is desirable because the micropores 40 
that result from surface irregularities, on the order of 
several micrometers, caused by machining of the sur- 
faces of the target and backing plate to be bonded, 
would otherwise lessen the adhesive strength. The 
upper limit of thickness of the insert is not specified 45 
provided the insert is thick enough for solid-phase 
diffusion bonding. Excessive thickness is wasteful, 
however. Aconventional foil, thin sheetorthe like may 
be employed. For the material of the insert. Ag. Cu, 
Ni. or their alloy is suitable as referred to above, by so 
reason of moderately high melting point and diffusion- 
ability to permit solid phase diffusion bonding. The in- 
sert is not limit d to a single layer. Two or mor su - 

perposerf layp*rs may hft iL<gPf1 instpari Th giirfarpg 

to be bonded should be free from oxides or other inv 55 
purities. . 

In the cas of a targ t materials having a melting 
temperature n mor than 1000 ^C. a laminate con- 



sisting of a targ tmat rial, a backing plat .and an in- 
sert is g nerally diffusion-b nded in a solid state by 
holding it at a constant t mp ratur within a bonding 
t mperatur rang of 150-300**C, preferably of 150- 
250 **C, under a vacuum of 0.1 Torr or below and at a 
pressure of 1 .0-20 kg/rnm^. preferably 3-10 kg/cm^. In 
this way a sputtering target assembly is obtained. To 
avoid the formation of oxides, the bonding desirably 
is carried out in a vacuum atmosphere of 0.1 Torr or 
below. The choice of load to be applied depends upon 
the bonding temperature and the materials to be 
used. For sufficient pressure bonding to produce in- 
terfacial diffusion, the load must be at least 1.0 
kg/mm2 On the other hand, a load in excess of 20 
kg/mm2 can damage the target material. The bonding 
temperature is set within 1 50-300 **C for the following 
reasons. If it is below 150 ''C insufficient diffusion of 
atoms results in poor adhesion, ff it exceeds 300 X 
crystal grain growth takes place in the target material. 
Moreover, because of the difference in thermal ex- 
pansion rate, the target material and backing plate 
tend to warp or distort, leading to inadequate bonding. 

In the case of target materials having melting " 
points more than 1000** C. a laminate consisting of a ! 
target material, a backing plate, and an insert is gen- 
erally diffusion-bonded in a solid state by holding it at 
a constant temperature within a bonding temperature 
rangeof200-600''Cunderavacuumof 0.1 Torrorbe- 
low and at a pressure of 0.1-20 kg/mm^. preferably 3- 
10 kg/mm2. in this way a sputtering target assembly 
is obtained. It is to avoid the formation of oxides that 
the bonding is carried out in a vacuum atmosphere of 
0.1 Torr or below. The choice of the applicable load 
depends on the bonding temperature and the mate- 
rials to be used. For sufficient pressure bonding to 
produce interfacial diffusion, the load must be at least 
0.1 kg/mm2. On the other hand, a load in excess of 
20 kg/mm2 can damage the target material. The bond- 
ing temperature is set within 200-600 X for the fol- 
lowing reasons. If it is below 200 ^'C insufficient diffu- 
sion of atoms results in poor adhesion. If it exceeds 
600 *C the crystal structure, mechanical properties 
and the like of the target material and/or backing plate 
can deteriorate. Moreover, because of the difference 
in thermal expansion rate, the target material and 
backing plate tend to warp or distort, leading to inade- 
quate bonding. 

In the case where a titanium target material and 
a titanium backing plate are used, a laminate consist- 
ing of a target material and a backing plate is gener- ' 
ally diffusion-bonded in a solid state by holding it at a 
constant temperature within a bonding temp rature 
range of 350-650 X, preferably of 450-600 °C. under 
a vacuum of 0.1 Torr or b low and a load of 0.1-20 
kg/mm2, at a strain rate of 1x 10-3 /s c or below, pre- 
ferably 1 x 10-*/ s cor below. In this way a sputtering i 
targ t assembly is obtained. To avoid the formation of ) 
oxides, th bonding desirably is carried out in a va- / 
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cuum atmosphere of 0.1 Torr or b low. Th choice of 
applicable load depends on the bonding t mperature 
and th materials to be used. For suff id nt pressure 
bonding to produce interfacial diffusion, th 1 ad must 
be at least 0.1 kg/mm^. On the other hand, a load in s 
excess of 20 kg/mm2 can damage the target material. 
The bonding temperature is set desirably within the 
range of 350-650 *C for the following reasons. If it is 
below 350*^0 Insufficient diffusion of atoms results in 
pooradhesion. If it exceeds 650*C grain growth tends io 
to occur in the target material. Controlling the strain 
rate is particularly important A strain rate in excess 
of 1x 10-^ /sec would cause non-uniform straining in- 
side the target and attendant partial structural 
changes. It could also result in a decrease in the bond is 
strength at and along the diffusion bonding interface. 

The sputtering target assembly thus obtained 
shows no deterioration of the target material, has 
bonded interfaces with a bonding area percentage of 
1 00% produced by liquid phase-free solid phase drf- 20 
fusion bonding, and can satisfactorily be used even in 
a high-power sputtering system. In addition, the crys- 
tal grain size of the target material can be kept below 
a required standard, for example no more than 250 
\xm even for target materials having melting points of 25 
no more t han 1 000**C and no more than 1 0O^im for an 
assembly of titanium target material and titanium 
backing plate, and uniform sputtering can be ensured. 
To reduce the adsorbed water, gas and the like on the 
target surface, it is possible to bake the target itself 30 
at about 200 °C before use unlike the case where a 
low-melting brazing filler metal is used. 

Further explanations will be made with the Ex- 
amples. The Examples set forth herein are merely for 
illustratbn and do not intend the restriction of this in- 35 
vention. 

(Example 1) 

An AI-1%Si-0.5% Cu target material in the form 40 
of a disk 300 mm in diameter and an oxygen-free cop- 
per (OFC) backing plate of the same size were ultra- 
sonically degreased and rinsed with acetone. An in- 
sert of Ag foil 100 n m thick was used. The insert, after 
the ultrasonic degreasing and rinsing with acetone. 45 
was sandwiched between the AI-1%Si-0.5%Cu target 
material and the OFC backing plate. 

The laminate consisting of the AI-1%Si-0.5%Cu 
target material. Ag foil insert, and OFC backing pl ate 
was diffusion-bonded in a vacuum of 5 x 10^ Torr, at so 
a bonding temperature of 250 ''C and under a load of 
8 kg/mm2. The grain size of the target after the bond- 
ing was 150 i^m. 

Solid-phase diffusion bonding was p rformed 
similarly but changing the bonding temperature alone 55 
to 350 ®C. The grain size was now 400nm. 

Th bond strength valu s under shear at room 
temperature of test pieces cut out of five different dia- 



metral points of th diffusion-bond d mat rial are 
compared, in FIG. 2, with thos of corresponding test 
piecesof a laminat consisting fth sam Ai-1%Si- 
0.5%Cu targ t mat rial and OFC backing plate simn 
larly bonded but with an ordinary low-melting brazing 
material of the Sn-Pb-Ag system. FIG. 3 shows the 
temperature dependence of the bond strength values 
under shear of these bonded materials. As is obvious 
from FIGs. 2 and 3, the bond strength under shear of 
the laminate using the Sn-Pb-Ag low-melting. brazing 
material is about 3 kg/mm2, while the material solid- 
phase diffusion-bonded in accordance with this in- 
vention has about twice the strength, the values be- 
ing around 6 kg/mm^. As for the temperature depend- 
ence, the bond strength under shear of the material 
using the Sn-Pb-Ag low-melting brazing material be- 
comes zero in the vicinity of 180 °C which is the melt- 
ing point of the brazing material itself. The solid-pha- 
se diffusion-bonded material of this inventkjn, by con- 
trast, exhibits a bond strength under shear of 3 
kg/mm2 or more above 200 *C and retains a strength 
of 2 kg/mm2 even above 250 ^C. FIG. 4 is a micro- 
graph of a cross section illustrating the bond interfac- 
es and neighboring portions of a laminate composed 
of an AI-1%Si-0.5%Cu target. Ag foil, and OFC back- 
ing plate according to the present invention. 

(Example 2) 

Targets were made by solid-phase diffusion 
bonding in the same manner as described in Example 
1 with the exceptfon that inserts of copper fbfl or nick- 
el foil were used instead. Similar effects werB ach- 
ieved. 

(Example 3) 

A Ti target material in the form of a disk 300 mm 
in diameter and an oxygen-free copper (OFC) back- 
ing plate of the same size were ultrasonically de- 
greased and rinsed with acetone. An insert of Ag foil 
1 00 m thick was used. The insert after the ultrason- 
ic degreasing and rinsing with acetone, was sand- 
wiched between the Ti target material and the OFC 
backing plate. 

The laminate consisting of the TI target material, 
Ag foil insert and OFC backing plate was diffuston- 
bonded in a vacuum of 5 x 1 0-* Torr. at a bonding lenv 
perature of 250 **C. and under a load of 8 kg/mm^. 

Similarly in Example 1, the bond strength values 
under shear at room temperature of test pieces cut out 
of five different diametral points of th diffusion- 
bonded material are compared with thos of corre- 
sponding test piec s of a laminate consisting of th 
same Ti target material and OFC backing plate simi- 
larly bonded but with an ordinary low-melting brazing 
material of the Sn-Pb-Ag system. A similar graph as 
in FIG. 2 was obtained. The t mp ratured p ndence 
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of th bond str ngth values under shear of these 
bonded materials was similar as in FIG. 3- The bond 
strength und rsh arofth laminat using the Sn-Pb- 
Ag low-melting brazing mat rial is about 3 kg/mm^. 
while the material solid-phase diffusion-bonded in ac- s 
cordance with this invention has about twice the 
strength, the values being around 6 kg/mm^. As for 
the temperature dependence, the bond strength un- 
der shear of the material using the Sn-Pb-Ag low- 
melting brazing material becomes zero in the vicinity io 
of 180 **C which is the melting point of the brazing ma- 
terial itself. The solid-phase diffusion- bonded materi- 
al of this invention, by contrast, exhibits a bond 
strength under shear of 3 kg/mm^ or more above 200 
and retains a strength of 2 kg/mm2 even at 250 **C. is 

(Example 4) 

A tungsten target material of high purity 
(>99.999%) in the form of a disk 295 mm in diameter ^ 20 
was diffusion-bonded to a titanium backing plate of in- 
dustrial purity through an Ag insert in a vacuum of 5 
X 10-5 Torr, at a bonding temperature of 400° C. and 
under a load of 8 kg/mm^. A micrograph of a cross sec- 
tion illustrating the bond Interfaces of the bonded ma- 25 
terial thus obtained is shown in FIG. 5. It can be seen 
from the photograph that interfaces having the bond- 
ed area percentage of 100% with non-bonded por- 
tions such as pores were obtained. The bond strength 
under shear at room temperature of test pieces cut out 30 
from five diametral points in the manner described in 
Example 3 was 7 kg/mm2. On the other hand, the 
bond strength under shear of test pieces of a material 
bonded using an In brazing material was at a level of 
as lower as of 1 kg/mm2. This difference verifies the 35 
superiority of solid-phase diffusion bonding. 

(Example 5) 

targets were made by solid-phase diffusion 40 
bonding similarly to Example 3 but using inserts of 
copper foil or nickel foil. Similar effects were attained. 

(Example 6) 

45 

A high-purity (>99.999%) titanium target in the 
form of a disk 295 mm in diameter was diffusion- 
bonded to a titanium backing plate of industrial purity 
directly without the use of an insert under a vacuum 
of 5 x 1 0-5 Torr and at a bonding temperature of 550 so 
X. load of 7.5 kg/mm2. and strain rate of 2x 1 0^/sec. 
In FIG. 8 are compared the bond strength under sh ar 
at room temperature of an assembly made by solid- 
phase diffusion bonding in accordance with this in- 
vention with that of a assembly which us danlnbraz- 55 
ing material. A micrograph of the bond interfac of the 
bonded assembly is shown in FIG. 7, Th crystal grain 
size of th target aft r bonding was 50 ^m. The pho- 



tograph cl arly indicates that the int rface had at- 
tained 100% bonding without non-b nded portions 
such as pores. The test piece at room temperature x- 
hibited a bond strength under shear of 25 kg/mm2and 
a tensile strength under shear of 43 kg/mm^ The In 
brazing material-bonded piece gave a bond strength 
under shear at a low level of 1 kg/mm2. This testifies 
to the superiority of solid-phase diffusion bonding. 

(Example 7) 

A target assembly was made by solid-phase dif- 
fusion bonding in the same manner as described in 
Example 6 with the exception that the bonding tem- 
perature was changed to 500 ''C and the strain rate 
to 1 X 10-s/sec. Similar effects were achieved. 

[Advantages of the inventton] 

Solki-phase diffuston bonding at a low tempera- 
ture and pressure has the following features: 

(1) The uniformity of crystal structure is nnain- 
tained with the suppression of crystal grain 
growth. 

(2) The process of fabrication causes no damage 
to the target material. 

(3) I nterdif fusion of the atoms constituting the tar- 
get material, backing plate, and insert if used 
across the bond interfaces produces high de^ 
grees of adhesion and bond strength. 

(4) The sharp drop of bond strength is avokjed as 
found in the rise of the service temperature that 
can occur with a low-melting brazing material. 

(5) Solid-phase bonding gives reliable bonds of a 
bonding area percentage of 100% without non- 
bonded portions such as pores that can result 
from ordinary bonding, due to shrinkage on soli- 
dification of a brazing material. 
Consequently, this invention offers advantages 

as follows: 

(a) A target material can be bonded to a back- 
ing plate without the possible danger of being dam- 
aged ; (b) uniformity of sputtering is ensured with the 
result that the film thickness is kept constant and the 
film properties are made uniform and stable; (c) a 
greater electric power can be put for sputtering, and 
therefore the throughput for film forming by sputter- 
ing can be improved; and (d) the target itself can be 
baked at around 200 ^C, thus reducing adsorbed wa- 
ter, gas. and the like in the target surface. 



Claims 

1) A sputtering target ass mbly comprising a 
sputtering targ t and a backing plate characterized in 
that said sputt ring target and backing plate are solid- 
phase diffusi n-bonded with or without an insert or 
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inserts interposed thereb tween so as to have solid 
phase diffusion- bonded interfac s. said diffusion- 
bonded sputtering targ t substantially maintaining 
m taflurgical charact ristics and properties that th 
sputtering target had before it is diffusion-bonded to 5 
said backing plate. 

2) A solid-phase diffusion-t>onded sputtenng tar- 
get assembly characterized being composed of a tar- 
get material having a melting point below 1000 'C, 

one or more insert and a backing plate, said target io 
material, said insert and said backing plate having 
solid-phase diffusion bonding Interfaces formed 
therebetween, said target material having uniform 
crystal structure with a grain size not exceeding 250 

3) A sputtering target assembly according to daim 

1 in which said targgtjrtat erial consists of.a luminums 
or an alumioum aHpy. 

4) A sputtering target assembly according to daim 

2 in which said insert consists of silver or a silver alloy. 20 
copper or a copper alloy, or nickel or a nickel alloy. 

5) A sputtering target assembly according to daim 

3 In which said insert consists of silver or a silver alloy, 
copper or a copper alloy, or nickel or a nickel alloy. 

6) A method of manufacturing a sputtering target 25 
assembly characterized by solid-phase diffusion 
bonding of a target material of a given final shape hav- 
ing a melting point below 1000 and a backing plate 

of a given final shape, with one or more insert inter- 
posed therebetween, under a vacuum at a tempera- 30 
ture between 150 and 300 ''C. said target material ' 
having a uniform crystal structure with a grain size 
not exceeding 250 ^m. 

7) A solid-phase diffusion-bonded sputtering tar- 
get assembly characterized by being composed of a 35 
target material having a melting point no less than 
1000 "C. one or more insert selected from the group 
consisting of metals or alloys having lower melting 
points than the target material, and a backing plate. 

said target material, said insert and said backing plate 40 
having solid-phase diffusion bonded interfaces 
formed therebetween. 

8) A sputtering target assembly according to the 
claim in which said target material is a refractory met- 
al selected from the group consisting of W. Mo. Tl, Ta. 45 
Zr and Nb. 

9) A sputtering target assembly according to daim 
7 in which said insert consists of silver or a silver alloy, 
copper or a copper alloy, or nickel or a nickel alloy. 

10) A sputtering target assembly according to so 
claim 8 in which said insert consists of silver or a silver 
alloy, copper or a copper alloy, or nickel or a nickel al- 
loy. 

11) Amethod of manufacturing a sputtering target 
assembly characterized by solid-phase diffusion 55 
bonding of a target material of a given final shape hav- 
ing a m Iting point not less than 1000 and a back- 
ing plat of a given final shape, with an insert or in- 



serts interposed therebetw n. said ins rt(s) b ing 
made of one r more mat rials s I cted from th 
group consisting of metals or alloys having lower melt- 
ing points than the target material, under a vacuum at 
a temperature between 200 and 600 X and at a pres- 
sure between 0.1 and 20 kg/mm^. 

12) A solid-phase diffusion-bonded sputtering 
target assembly characterized by being composed of 
a titanium target material and a backing plate of tita- 
nium, which have solid-phase diffusion bonding inter- 
faces formed therebetween, said target material hav- 
ing a uniform crystal structure with a crystal grain 
size not exceeding 100 nm. 

13) Amethod of manufacturing a solid-phase dif- 
fuston-bonded sputtering target assembly composed 
of a titanium target material and a backing plate of ti- 
tanium in which the target material has uniform crys- 
tal structure with a crystal grain diameter not exceed- 
ing lOOfim, characterized by solid-phase diffusion 
bonding of a titanium target material and a backing 
plate of titanium under conditions such that the strain 
rate attained is no more than 1 x lO-^/sec. 

14) A method according to daim 13 in which the 
diffusion bonding is performed at a temperature be- 
tween 350 and 650 °C. 
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